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ABSTRACT 
The Glcbal  Atmospheric Sampling Program (GASP) 
opera ted  by NASA i s  co l l e c t i ng  and ana lyz ing  da ta  on 
. gaseous and ae ro so l  t r a c e  spec ies  i n  t h e  upper t ropo-  
sphere and lower s t r a t o sphe re .  Measurements a r e  
obtained f r a n  automated systems i n s t a l l e d  on four 747 
a i r l i n e r s  f l y ing  g loba l  a i r  r ou t e s .  Since t h e  i n t r o -  
duction of t h i s  program i n  1975, advances have been 
made i n  a i rborne  sampling instrumentation.  Improved 
instruments and ana ly s i s  techniques a r e  providing an 
expanding da ta  base f o r  t r a c e  s p e c i t s  including ozone, 
carbon monoxide, water vapor,  condensat ion nuc l e i  and 
mass concent ra t ions  of s u l f a t e s  and n i t r a t e s .  Simul- 
taneous measurements of s eve ra l  t r a c e  spec ies  obtained 
f requent ly  can be used t o  uniquely i d e n t i f y  the  
source of t h e  a i r  mass a s  be ing  t y p i c a l l y  t ropospher ic  
or  s t r a t o s p h e r i c .  A quan t i t a t i ve  understanding of t h e  
t ropospher ic -s t ra tospher ic  exchange processes l e a &  
co t o  b e t t e r  knowledge of t h e  atmospheric impact of 
a 
t~ po l lu t i on  through t he  development of improved simula- 
m 
I t i o n  models of t h e  atmosphere. 
W AUTOMATED A I R  SAMPLING SYSTEMS i n s t a l l e d  on four  
747 a i r l i n e r s  were repor ted  a t  t he  Third Conference 
on Environmental Sensing when t he se  systems f i r s t  
became ope ra t i ona l  i n  lY[5 ( 1 ) s .  Since t h a t  time 
improved ins t rumenta t ion  has been added. This paper 
descr ibes  t h i s  improved ins t rumenta t ion  and presents  
some i n - f l i g h t  measurements which i l l u s t r a t e  t he  
ranges and i n t e r - r e l a t i onsh ip s  of t h e  da t a  from the se  
instruments.  Br ie f  de sc r i p t i ons  of t he  NASA Global  
Atmospheric Sampling Program (GASP) , and t h e  a i r  - 
borne system i n  which t h i s  ins t rumenta t ion  i s  used 
a r e  a l s o  included.  
A i r  sample measurements have or  w i l l  include t h e  
concent ra t ions  of ozone, carbon monoxide, water vapor ,  
n i t r i c  oxide, and chlorofluoromethane 3. I n  add i t  ion 
t o  t he se  gases ,  t h e  number dens i t y  of condensation 
n u c l e i  and t h e  concent ra t ions  of s u l f a t e s  and n i t r a t e s  
a r e  a l s o  measured. During t he  i n i t i a l  two years  of 
opera t ion ,  a  l a rge  da ta  base on atmospheric ozone 
concentrat ions a t  a i r l i n e  c ru i s e  a l t i t u d e s  has been 
obtained.  The o ther  a i r  sample measurements have 
requi red  a more ex tens ive  development e f f o r t  f o r  a i r  
borne use. Data bases  f o r  t he se  t r a c e  spec ies  a r e  
beginning t o  evolve.  
The GASP e f f o r t  was i n i t i a t e d  t o  provide ba se l i ne  
information on atmospheric cons t i t uen t s  which could be 
used wi th  o ther  da t a  s e t s  and wi th  computer models 
t o  a s s e s s  t he  e f f e c t s  of a i r c r a f t  exhaust  emissions 
on t h e  upper atmosphere. This assessment e f f o r t  was 
prompted by s t u d i e s  conducted s e v e r a l  y e s r s  ago (2) 
(3). The r e s u l t s  of a more recent  study (4) p r ed i c t  
a l e s s e r  e f f e c t  of a i r c r a f t  emissions on atmospheric 
ozone. Nevertheless,  t h i s  l a t t e r  s tudy does recom- 
mend and suggest continued research  i n  c e r t a i n  pro- 
blem a r ea s ,  inc luding  s t ud i e s  of t h e  dynamics i n  t h e  
reg ion  of p r i n c i p a l  ~ l i r c r a f t  t r a f f i c .  It a l s o  recom- 
mends t he  simultaneous measurement of t h e  concentra - 
t i o n s  of t h e  s eve ra l  spec ies  c r i t i c a l  t o  ozone de- 
s t r u c t i o n .  Apart from t h e  ozone problem, simultane - 
ous measurements of s e v e r a l  t r a c e  spec ies  can uniquely 
*Numbers i n  parentheses des ignate  re ferences  a t  t h e  
end of paper.  
i d e n t i e  t h e  source of t h e  a i r  mass a s  be ing  t y p i c a l l y  
t ropospher ic  o r  s t r a t o s p h e r i c .  Quantative informa- 
t i o n  on t h e  t r oposphe r i c - s t r a t o sphe r i c  exchange pro- 
cesses  when app l i ed  t o  s imula t ion  models of t h e  
atmosphere p r w i d e s  a b e t t e r  understanding of t he  
impact of po l l u t i on  on t h e  atmosphere. 
PROGRAM DESCRIPTION 
The a i r l i n e s  t h a t  a r e  p r e sen t l y  p a r t i c i p a t i n g  i n  
GASP i n  t h i s  g loba l  s tudy  a r e  shown i n  f i g u r e  1. 
This f i g u r e  shows 747's  of United A i r l i n e s ,  Pan Am,  
Qantas Airways of Aus t r a l i a ,  and another Pan Am 
747-SP (a new long range ,  higher a l t i t u d e  Spec i a l  
Parformance vr r s i on  of' t h e  747).  These a i r l i n e s  
were chosen t o  provide covfrage of major g loba l  a i r  
r ou t e s ,  a s  shown i n  f i gu re  2 .  Thi NASA Convair-330 
Flying l abo ra to ry  i s  a1r.o equipped with a GAZP system. 
The CV-990 i s  used t o  survey o f f - a i r l i n e  rou t e s .  A 
r e cen t l y  c m p l e t e d  l a t  i t udc  survey missf on over t h e  
Pac i f i c  (5) i s  one example. 
United Airline's f l i e s  p r i n c i p a l l y  over t h e  IJnited 
S t a t e s ,  coas t  t o  coast  and t o  Hawaii. Pan Am f l i e s  
around t h e  world anti t o  South America. i),antas, based 
i n  Sydney, f l i e s  f r equen t l y  t o  Europe and t o  t h e  
West Coast of t h e  United S t a t e s .  
GASP a i r  cons t i t uen t  measurements and supplemental 
da t a  a r e  l i s t e d  i n  Table I. Ozone, water vapor,  
n i t r i c  oxide and carbon monoxide a r e  measured wi th  
i n - s i t u  instruments.  Chlorofl.uorornethanes and o the r  
t r a c e  spec ies  can b e  obta ined  from l abo ra to ry  ana lyses  
of b o t t l e  samples captured i n  f l i g h t .  The number 
dens i t y  of p a r t i c l e s  g r e a t e r  than  0 .3  microneter  d i a .  
measured wi th  t h e  l i g h t  - s c a t t e r i n g  technique ,  and 
smaller  p a r t i c l e s  c a l l ed  condensat ion n u c l e i  measured 
wi th  t h e  cloud-chamber technique ,  a r e  a l s o  i n - s i t u  
measurements. Mass concent ra t ions  of s u l f a t e s  and 
n i t r a t e s  a r e  determined from l abo ra to ry  a n a l y s i s  of 
f i l t e r  paper samples exposed i n  f l i g h t .  
A t  t h e  t ime of cach a i r  cons t i t uen t  measurement, 
c e r t a i n  supplemental da t a  a r e  recorded (Table I) . 
Time and pos i t i on  of t h e  a i r c r a f t ,  i t s  a l t i t u d e ,  
speed,  and d i r e c t i o n  p inpoin t  each a i r  cons t i t uen t  
measurement. Data r e l a t e d  t o  meteorology a r e  a l s o  
taken .  A i r  temperature,  ho r i zon t a l  wind d i r e c t i o n  
and v e l o c i t y ,  and an i n d i c a t i o n  of turbulence  a s  
measured by t h e  v r r t i c a l  a cce l e r a t i on  a r e  recorded.  
The l i g h t  - s ca t t e r i ng  instrument f o r  measuring t h e  
l a r g e r  p a r t i c l e  s i z e s  a l s o  responds t o  t h e  presence 
of clouds i n  t he  f l i g h t  pa th  a s  d e t ~ r m i n e d  dur ing  
f l i g h t  t e s t s .  
Each GASP-equipped a i r c r a f t  f l i e s  about 10 hours 
1)er day, f o r  a t o t a l  of about 8700 km (5400 miles)  
each day o r  about 1 3  mi l l i on  km ((8 mi l l i on  mi les )  per 
year  f o r  t he  four  747 ' s .  A d a t a  s e t  i s  recorded 
every 5 minutes or  about every 72 km (45 m i l e s ) .  
F i e l d  serv ice  of t h e  GASP equipment and necessary  
support by  t h e  a i r l i n e s  a r e  managed by United A i r -  
l i n e s  Engineering Group under con t r ac t  t o  NASA L e w i s .  
GASP da t a  r e t r i eved  by a i r l i n e  personnel  from the  
a i r c r a f t  a r e  sen t  t o  NASA Lewis f o r  process ing  and 
f i n a l l y ,  a r e  t r an smi t t ed  t o  t h e  u se r s  f o r  d e t a i l e d  
ana ly s i s .  
The da t a  prepara t ion  begins  with t he  rou t i ne  s e r -  
v i ce  check of t h e  GASP system on t h e  a i r c r a f t  and t he  
removal of t he  da ta  recorded on a t ape  c a s s e t t e .  The 
information on t h e  c a s s e t t e  i s  t r an sc r i bed  onto 
computer-compatible t ape  by United A i r l i n e s .  NASA 
Lewis then  does t h e  d a t a  reduct ion  and pre l iminary  
ana ly s i s .  The tropopause pressure  f i e l d s  from t h e  
Nat iona l  Meteorological  Center and t he  r e s u l t s  of t he  
b o t t l e  samples and f i l t e r  sample ana lyses  a r e  added 
t o  t he  f i n a l  da t a  t ape  a s  p a r t  of t h e  da t a  reduct ion  
process.  While t h e  f i n a l  t ape  i s  be ing  prepared a t  
NASA Lewis, a  r epo r t  i s  w r i t t e n  descr ib ing  t h e  a v a i l a -  
b i l i t y  of t h e  da t a  and some of t h e i r  s e l e c t e d  high- 
l i g h t s .  As a l a s t  s t e p ,  t h e  prepared t ape  i s  sen t  
t o  t he  Nat iona l  Climatic Center f o r  a rch iv ing  and t o  
NASA con t r ac to r s  f o r  d e t a i l e d  a n a a s e s .  The a v a i l a -  
b i l i t y  r e p o r t  i s  mailed t o  members of t he  s c i e n t i f i c  
community concerned w i t h ' t h e  atmosphere. 
AIRBORNE SYSTEM DESCRIPTION 
Location of t he  GASP equipment i n  t he  747's  i s  
shown i n  f i g u r e  3. The i n s t a l l a t i o n  i s  near  t he  nose 
below t h e  passenger deck. Two a i r  sample i n l e t s  
mounted in a s i n g l e  s t r u t  sample bo th  gases and p a r t i -  
cu l a t e s  outs ide  of t h e  a i r c r a f t  ' s boundary l a y e r  very  
near t h e  nose .  One of t h e  i n l e t s  is designed f o r  
i s o k i n e t i c  sampling f o r  measuring p a r t i c l e  number 
dens i ty .  Both i n l e t s  a r e  capped when a i r  samples a r e  
not  be ing  taken .  
A i r  flows f r m  t h e  i n l e t  i n  a 25.4 rnrn (1-inch) 
diameter tube a f t  t o  t h e  instruments where p r e s su r i z a -  
t i o n  i s  r equ i r ed  f o r  ozone and carbon monoxide measure- 
ments. A rack  mounted t o  t h e  a i r f rame holds most of 
t h e  GASP ins t ruments ,  a s  shown i n  f i gu re  3. The i n -  
struments a r e  packaged i n  s tandard  a i r l i n e  av ionics  
cases .  A i r  i s  a l s o  ducted i n  a 76 mm (3-inch) d i a -  
meter tube  from t h e  i n l e t  t o  t h e  o ther  s i de  of t he  
a i r c r a f t ,  where a mechanism i s  l oca t ed  f o r  exposing 
t he  p a r t i c l e  f i l t e r  papers .  This mechanism i s  s im i l a r  
t o  a s l i d e  p ro j ec to r  and holds e i g h t  f i l t e r s  t h a t  a r e  
exposed i nd iv idua l l y  a t  p r e se l ec t ed  i n t e r v a l s .  Two 
of t h e  four 747's  a r e  equipped wi th  t he  p a r t i c l e  
f i l t e r  system. 
GASP system c a n t r o l  and da t a  management and 
a c q u i s i t i o n  a r e  performed by  t h r ee  s epa ra t e  u n i t s .  
Automatic c o n t r o l  of a l l  system opera t ions  and manage- 
ment of a l l  d a t a  a r e  f unc t i ons  of a da t a  managment and 
con t ro l  u n i t .  This  u n i t  conta ins  a smal l  spec ia l -pur -  
pose computer preprograrnrned t o  respond t o  independent 
a i r c r a f t  inputs  and t o  opera te  t he  instruments.  Most 
of t he  da t a  a r e  acqui red  by t h e  second u n i t  which i s  
a  conventional  a i r l i n e  f l i g h t  da t a  a c q u i s i t i o n  w i t .  
Data from t h e  GASP instruments and other  p a r t s  of t h e  
system, a s  we l l  a s  from t h e  a i r c r a f t  systems, f low t o  
t h i s  u n i t .  Pos i t i on  and ho r i zon t a l  wind da t a  cane 
from t h e  a i r c r a f t ' s  i n e r t i a l  naviga t ion  system. A l l  
d a t a  a r e  recorded on magnetic t ape  contained i n  t h e  
t h i r d  u n i t  which i s  a d i g i t a l  a i rborne  recorder .  The 
tape  c a s s e t t e s  from t h e  recorder  a r e  rep laced  about 
every two weeks. 
T o t a l  weight of t he  i n s t a l l e d  system i s  about 
380 kg. A l l  equipment meets FAA c e r t i f i c a t i o n  r e -  
quirements, and t h e  e n t i r e  i n s t a l l e d  system was 
f l i g h t  t e s t e d  during a s p e c i a l  f l i g h t  fol lowing which 
a Supplemental Type C e r t i f i c a t e  (STC) of a i rwor t  hinf s  s  
was i ssued  f o r  t h e  GASP system. Operation i s  com- 
plete* automatic,  r equ i r i ng  no a t t e n t i o n  by  t he  f l i g h t  
crews. A more complete de sc r i p t i on  of t h e  opera t ion  
of t h e  a i rborne  atmospheric sampling system i s  given 
i n  re ference  1. 
INSTRLMEUTAT ION 
The GASP i n - s i t u  measuring ins t ruments ,  t h e i r  
opera t ing  p r i n c i p l e s ,  and range a r e  l i s t e d  i n  Table II. 
These a r e  b a s i c a l l y  l abo ra to ry  instruments wi th  s i g n i -  
f  i c an t  range improvements and modif ica t ions  t o  operate 
in a commercial a i r l i n e  environment. Such modif i c a  - 
t i o n s  involve packaging t o  a i r l i n e  spec i f ' i c a t i ons  and 
t he  a b i l i t y  t o  withstand a high use f a c t o r .  Figure 4 
i l l u s t r a t e s  a GASP instrument packaged t o  a i r l i n e  
s tandards .  Two conventional  a i r l i n e  av ion i c s  cases  
a r e  used i n  packaging t he  carbon monoxide instrument 
a s  shown. Other instruments can be contained i n  only 
one a i r l i n e  type ca se ,  s i z e  and weight of each  
av ion i c s  case a r e  held t o  a minimum f o r  convenience 
i n  handling.  
Ex i s t i ng  commerical instruments used t o  measure 
carbon monoxide, oxides of n i t r ogen ,  and condensation 
n u c l e i  were s i g n i f i c a n t l y  improved t o  measure t h e  
ve ry  low concent ra t ions  i n  t h e  upper atmosphere. De- 
s c r i p t i o n s  of t he se  instruments fol lows.  
CARBON MONOXIDE - A modified Non-Dispersive In -  
f r a r e d  Absorption ana lyzer  i s  used t o  measure CO. 
I n  t h e  $gstrume@ fBore scence  from two i so topes  of' 
CO (C 0 and C 0 ) i s  used a s  t h e  source of 
i n f r a r e d  energy. The two I R  r a d i a t i o n  s p e c t r a  a r e  
a g e ~ g a t e l y -  allowed t o  e n t e r  t h e  sample chamber. The 
C 0 i n  t h e  air,$aygle (9. % of a l l  n a t u r a l l y  
occurring C O  i s  C 0 ) will15by%rb t h i s  common i s o -  
tope  r a d i a t i o n b u t  not  t h e  C O r ad i a t i on .  The 
r a t i o  of t he se  two s i gna l s  from an  TR de t ec to r  i s  a 
measure of t he  CO concent ra t ion  i n  t h e  sample chamber. 
The o r i g i n a l  CO ana lyzer  us ing  t he  d u a l  i so tope  
f luorescence  technique had a f u l l  s ca l e  range of 20 
p a r t s  per m i l l i on  (ppm) . Modificat ions t o  provide 
t he  s e n s i t i v i t y  needed f o r  GASP included an increase  
i n  t h e  o p t i c a l  pa th  l eng th  t o  10  meters ,  s p e c i a l  r e -  
f l e c t i v e  o p t i c s ,  and a d d i t i o n a l  e l e c t r o n i c  ga in .  
These improvements provided a 1 ppm Pull s c a l e  s e n s t i -  
v i t y  wi th  a l i m i t  of d e t e c t a b i l i t y  of 0.02 ppm of CO. 
I n - f l i g h t  checks on t h i s  instrument inc lude  a 
zero  reading  (sample i s  passed through a c a t a l y t i c  CO 
scrubber)  and an e l e c t r o n i c  ga in  check. These checks 
a r e  au tomat ica l ly  sequenced w i th  atmospheric CO mea- 
surements by t h e  on-b oard GASP programmer 
CONDENSATION NUCLEI - This  instrument measures t h e  
number concent ra t ion  of very  smal l  a i r bo rne  p a r t i c l e s  
( nuc l e i )  on which water vapor condenses i n  a cloud 
chamber. The a t t enua t i on  of a l i g h t  beam by t h e  
cloud i n  t h e  chamber i s  a  measure of t he  number con- 
c en t r a t i on .  The minimum de t ec t ab l e  l i m i t  f o r  t h i s  
instrument was extended from 300 n u c l e i  per  cc t o  
30 nuc l e i  per cc. This was achieved by  improved 
s e n s i t i v i t y  and a b u i l t  i n  p r e s su r i z a t i on  system wi th  
a pressure  r a t i o  of approximately 4 t o  1 t o  concen- 
t r a t e  t he  sample. A simple a i r  p i s t on  cons i s t i ng  of 
a 3 meter l eng th  of 1.1 cm 1.D. tub ing  i s  used f o r  t h e  
gas p r e s su r i z a t i on  system. A low pressure  a i r  sample 
from outs ide  t h e  a i r c r a f t  i s  drawn i n t o  one end of 
tube .  Pressur ized  a i r c r a f t  cabin a i r  f i l t e r e d  f r e e  
of n u c l e i  i s  in t roduced  i n t o  t he  o ther  end of t h e  
tube  behind t h e  low pressure  a i r  sample, t h u s  COD- 
p r e s s ing  it. The pressur ized  a i r  sample i s  drawn from 
t h e  o r i g i n a l  i n l e t  end i n t o  t h e  cloud chamber of t h e  
instrument.  With an appropr ia te  sequence of va lv ing  
t h i s  p r e s su r i z a t i on  system can be  used f o r  sampling 
a i r  f low r a t e s  of 5 t o  50 cc/sec.  I n - f l i g h t  checks 
on t h i s  instrument include a zero  (us ing  a f i l t e r e d  
sample) and a check of t he  e l e c t r o n i c  ga in .  
NITRIC OXIDE - A very  high s e n s i t i v i t y  chemilu- 
minescent ana lyzer  i s  used t o  measure n i t r i c  oxide.  
The ve ry  high s e n s i t i v i t y  i s  achieved,  i n  p a r t ,  by  
u s ing  a high sample flow r a t e  (500 s t d  cc/sec) , a 
s p e c i a l  technique f o r  an i n - f l i g h t  zero  measurement, 
and a n i t r i c  oxide c a l i b r a t i o n  gas c a r r i e d  w i th  t h e  
instrument f o r  a span measurement. The instrument 
a l s o  conta ins  an  ozone genera tor  of t h e  s i l e n t  d i s -  
charge type .  This i s  a  modi f ica t ion  of t h e  previous ly  
developed high s e n s i t i v i t y  instrument which used a 
b o t t l e d  ozone mixture i n s t ead  of a n  ozone gene r a t o r  
(6) . The self -contained ozone genera tor  i s  necessary  
f o r  t h e  GASP f i e l d  s e rv i ce  frequency of every  2 weeks, 
s ince  an  ozone mixture i n  a b o t t l e  of p r ac t i c ab l e  
s i z e  would need more f requent  replacement.  The c m -  
p l e t e  instrument i s  housed i n  two a i r l i n e  av ion i c s  
cases. F l igh t  t e s t s  of thc  instrument have bern COD- 
p l e t c  and i n s t a l l a t i o n  on the  747 a i r c r a f t  a r e  
schedule& for  ex r ly  l ~ f l a .  
C0NC12'NTMTIOIVS OF SULFATES AND NITRATES - These 
measuements a r c  made by labora tory  analys is  of f i l t e r  
elcmenzs exposed e a r l i e r  i n - f l i g h t  and returned t o  
NASA. A f i l t e r  elcment i s  automatically i n s e r t ~ d  i n t o  
thc  76rx kiameter. a i r  siim2ling duct f o r  two hours and 
r e t r ac t ed  i n t o  a magazine by an ac tuator  assembw 
dcvclcpcd a t  NASA. P.irf.l.r~w tllrough t h e  f i l t e r  during 
expipasure i s  measured by a ven tu r i  u n i t .  Each f i l t e r  
(PC :ellulose f i b e r )  i s  enclosed i n  a s t a i n l e s s - s t e e l  
holder under cLean r c m  conditions t o  minimize contami- 
na t ion .  3 i l t e r  elements a r e  assembled i n  an e ight  
u n i t  re2laceable holder magazine thus allowing severa l  
f i l z e r  expcsures between f i e l d  service  periods f o r  
tke  C-ASP system. 
Since genera l ly  l e s s  than 30 micrograms of any 
one ion ic  zonsti tuent i s  col lec ted  on an exposed f i l t e r  
element, very sens i t i ve  nethods of labora tory  analys is  
a r e  i-e~_uired.  Ion chromatography i s  used t o  meet t h i s  
zequirenent . Clean room procedures and f i l t e r s  t h a t  
%re ce.re:Wly puri'?ied g r i o r  t o  exposure are  necessary 
t o  u t i l i z e  the  high s e n s i t i v i t y  of t he  ion chromato- 
graphy analys is  method. A more de t a i l ed  descr ip t ion  
of t h i s  r.etncd i s  given i n  reference 7. 
OZOIJZ, WATER VAPOR, ANl2 PARTICLES - Ozone has not 
p re sen te j  a measurement problem although much care i s  
n e s e d  t o  prcvide accura te  r e s u l t s .  Water vapor was 
i n i t i a l l y  masu red  with an aluminum ozide sensor.  Ex- 
cessive t i n e  response t o  changes i n  temperature and 
hw. i i i ty  (pa r t i cu l a r ly  from a sa tura ted  t o  an unsatur* 
zed conditicn; i i n i t e d  the  amcunt of valid. dxta ob- 
t a i n e l  wi th  t h i s  tyge sensor.  Therefore, t h i s  i n s t ru -  
rr.ent nas been replaced with a cooled-mirror f r o s t  
poinz hygroneter having a t h ree  stage thermoelectric 
ccolcr .  F l igh t  t e s t s  have shown b e t t ~ r  operating 
?rmrat:tcristi(:s mri a f a s t e r  tjme response. TnstalSa- 
t i on  of t h i s  senecr on a l l .  GASP equipped 747 a i r c r a f t  
w i l l  be cm.3lete by t h e  end of l97'[. Aerosol p a r t i -  
c-es g rea t e r  than 0 .3  nicrometers i n  d ia .  havc been 
measured .with a l i g h t  s ca t t e r ing  t;y,,e sensor. Experi- 
ence wi th  t h i s  inntr;unent has shown a largc  v a r i a b i l i t y  
of number dens i ty  m d  s i ze  d i s t r i bu t ion .  Laboratory 
ca l ib ra t ions  of t h e  instrument have revealed a la rge  
u n c ~ r t a i n t y  i n  t he  absolute measuemerlt of nun~ber 
dens i ty  as  wcl l  as s i ze  d i s t r i bu t ion .  An improved i n -  
strwrent i s  b ~ i n g  investigate(3 . Fl igh t  t e s t  exper icne  
with t h i s  instrument indica ted ,  howcvcr, t h a t  L'light 
througn G ::lad r ~ ~ u . l . t e d  i n  a p a r t i c l e  s i ze  d i s t r i b u -  
t i o n  t h a t  i s  s i g n i f i c a t l y  d i f f e r e n t  from t h a t  o r  a 
:li.ar a i r  samplc, ~nainly  i n  ttic i o t a 1  cuunt oi the  
la-r.g<!:;t :;fzc? partic.l.c s . A simple cloud detec tor  i s  
theret'cre ~lbtainod by o b s ~ m i n g  the  c m t i n g  r a t c  of 
i tle l a rges t  s i ze  parti( : l( is .  
TYPICAL l'LLGIP1' MEAS-J#J%Nl'3 
Examples o r  GASP atmOsplleri(: mrasurements taken 
~imultanec>us3y with i n - s i t u  instruments a r e  shown i n  
f i gu re s  5 and 6 .  Thcse data  were obtained on l.he GASp 
e q u i p ? $  U& 747 a i r l i n e r  where a data s e t  i s  normally 
r ecc r j ed  every r i v e  minutes, 
Simultaneous measarements of ozone , carbon mon- 
cxiae , condensation nuc le i ,  a i r  temperature,  and 
a l t i t u d c  a re  p l c t t c d  agains t  longitudri i n  r igure  5 For 
a r'l.ight f r m  lrns Angeles t u  HonoluLu. Ozone values 
imier 150 ?a r t s  per b i l l i o n  by volume (ppbv) shown i n  
f i gu re  5 a r e  indica t ive  of f l i g h t  i n  t h e  troposphere.  
Carbon monoxide :oncentrations between I C O  and 200 ppbv 
a-e a l s o  c h a r a c t e r i s t i c  of upper a l t i t u d e  tropospheric 
a i r .  Concensation n u r l e i  number dens i t i e s ,  shown 
under 300 per c c ,  are  r e l a t i v e l y  low compared t o  
ground l e v e l  ~ e a s ~ e m e n t s  demonstrating the  requirement 
ro r  t h e  improvements t o  t h e  minimum detec table  l i m i t  
f o r  t h i s  instrument. Sowwhat higher values a r e  noted 
on ascent from 6 km t o  c ru i se  a l t i t u d e .  
Ozone .values over 800 ppb v shown i n  f :gure 6 a r e  
indica t ive  of f l i g h t  i n  t h e  s t ra tosphere .  These 'vierc 
encountered during a P l igh t  f r w  Sea t t l e  t o  Chiczgo. 
Carbon monoxide values a r e  l w e r  t han  those neasurea 
i n  the  troposphere shmn in f igu re  5. Values a r e  i n  
tile o r d ~ r  of 50 ppb v ,  which i s  cons is tent  with pre-  
vious mearurcmcnts (6 ) .  T h i ~  derrcnstrates t h e  need 
f o r  a low detec table  l i m i t  and high s e n s i t i v i t y  :or 
t h i s  instrument a l so .  During descent ( f i ~ r e  6 )  the  
rapid  decrease i n  ozone and increast. i n  i:arbcn mon- 
oxide indica tes  t h a t  t h e  a i r l i n e r  parsed f r c n  t h ~  
s t ra tosphere  i n t o  the  troposphere before the SASP 
system shut down. 
Simultaneous measurements of severa l  t r a c e  SPE c - 
i e s  a s  shown i n  these f i gu re s  can be used t o  unic-:ue?g 
determine t h e  source of t ne  a i r  rrass, a s  being typicaL 
ly tropospheric or s t r a to sphe r i c .  A quan t i t a t i ve  un- 
standing of t he  t ropospher ic-s t ra tospher ic  exchange 
processes i s  required f c r  develo~ment of iro_3roved 
simulation models of the  atmosphere and tnereby a be;- 
t e r  knowledge of the  impact of p o l l ~ t i o n  on the  atmo- 
sphere. 
CONCLUDING REMARKS 
Considerable e f f o r t  has been r e g i r e d  t o  3e~ielop 
a i rborne  envircnmental instrumentation su i t ab l e  f o r  
automatic unattended o2eration on commercial a i r l i n e z .  
Exis t ing  labora tory  ty2e environment ~l measuring 
techniques were s ign i f  i z a n t l y  modified t o  measure the  
very low concentrations of t r a c e  species i n  the  ugper 
atmospherc . 
A ca.rbon monoxide analyzer  o 3 h e  dual  isctoge 
i'luorescence type with z n  o r i g i n a l  f u l l  sca!e range 
of 20 ppm a t t a i n e d  a g r e a t l y  im?rove~ sensitivity with 
a reduced f u l l  sca le  range of 1 . 0  ppm. !?'ith t h i s  
s e n s i t i v i t y  and an improved l i m i t  of d e t e c t a b i l i t y  of 
0.07 ppm, values  i n  thc ordcr of O.G5 ppu were mea- 
sured i n  Lk~c s t ra tosphere .  1m:rovements t o  t h e  con- 
densat i.on nucl.ei instrument have r e  su l ted  i n  a t e n  
f o l d  decrcasc i n  the  minimum dctectsb1.e l i m i t  f o r  
measur~rnent of very small  airborne p a r t i c l e s .  A high 
s e n s i t i v i t y  chcmiluminesitrnt, n i t r i c  oxide analyzer has 
been attquired, t'.light t e s t e d ,  and i s  schcdulcd f o r  
acquiring data  on the  747 a i r l i n e r s  i n  e a r l y  198. 
Simultaneous measurenents of s eve ra l  t r a c e  spezics 
i n  f l i g h t  a t  c ru ise  a l t i t u d e s  a i d  i n  idcnt i ry ing t r o -  
pospheric or s t r a to sphe r i c  a i r  mksses, which cen L e d  
t o  quantativc inl'ormation on tropospheric-stratosphrr- 
ir: rxt:hange proilecses. 
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TABLE I. 
A I R  C O N S T I T U E N T  M E A S U R E M E N T S  
GASES 
OZONE 
WATER VAPOR 
OXIDES OF NITROGEN 
CARBON MONOXIDE 
CHLOROFLUOROMETHANES 
PARTICULATES 
NO. DENSITY 00.3 pm DIAM) 
CONDENSATION NUCLEI 
MASS CONCENTRATION OF 
SULFATES 
NITRATES 
S U P P L E M E N T A L  D A T A  
FLIGHT DATA 
TIME & DATE 
LATlTU DE 
LONGITUDE 
ALTITUDE 
AIR SPEED 
HEADING 
METEOROLOGICAL DATA 
OUTSIDE AIR TEMP 
WlND Dl RECTION 
WlND VELOCITY 
TURBULENCE (VERTICAL ACCEL) 
CLOUD ENCOUNTERS 
TABLE 11. 
OZONE 
G A S P  M E A S U R I N G  I N S T R U M E N T S  
ULTRAVIOLET AB  SOR PTlON PHOTOMETER 
RANGE 3 ppb TO 20 ppm 
WATER VAPOR COOLED MIRROR HYGROMETER 
DEW-FROST POINT RANGE -80' TO +20° C 
CARBON MONOXIDE INFRARED ABSORPTION ANALYZER 
RANGE 0.02 TO 1 ppm 
NITRIC OXIDE CHEMILUMINESCENT ANALYZER 
RANGE 0. OT TO 10 ppb 
PARTICLES (D > 0.3 pm) LIGHT SCATTERING SENSOR 
CONDENSATION NUCLEI CLOUD CHAMBER 
MIN. CONCENTRATION 301cm3 
I N  SERVICE, DEC 1974 I N  SERVICE, MAR 1975 
I N  SERVICE, NOV 1975 I N  SERVICE, MAR 1976 
F igure  1. - A i r l i n e  747 a i r c ra f t  par t ic ipat ing in  NASA global atmospher ic  sampl ing program. 
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Figure 2. - GASP route structure. 
Figure 3. - GASP system installation. 
Figure 4. - A n  a i r bo rn  GASP i n s t r u m e n t  (carbon monoxide analyzer) 
packaged in  two avionics cases, 
LONGITUDE, OW 
Figure 5. - Simultaneous measurements of ozone, 
carbon monoxide, condensation nuclei, and a i r  
temperature obtained wi th GASP inst ruments du r -  
ing  a f l ight from Los Angeles to  Honolulu. 
LONGITUDE, OW 
Figure 6. - Simultaneous measurements of ozone, 
carbon monoxide, and a i r  temperature obtained 
i n  t h e  stratosphere with GASP ins t ruments  d u r -  
ing  a flight f rom Seattle to  Chicago. 
